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Instrument Design

Thermal Requirements
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Survival
("C)

Operating | Stability,
("C) Operating

Component

("C)

-40 to 80

-40 to 80
-40 to 80
-40 to 80

Silicon PIN Photodiode (138)

Silicon PIN Preamp, FET switches, FET driver (138)
InGaAs PIN Photodiode (6)
InGaAs PIN Preamp, FET switches, FET driver (6)

N
II

N
-

N
U

-40 to 80

N
o

Fiber Optics (144)

Digitizer Electronics Box (3) -10 to 40 N/A -20 to 50

Main Electronics Box -10 to 40 N/A -20 to 50

Mechanism Control Electronics Box -10 to 40 N/A -20 to 50

N
o

OCE2 Study Week: 4/23 - 4/27/12 Use or disclosure of this data is subject to the Thermal, p2
restriction on the title page of this document Final Version




Instrument Design

Thermal Requirements
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Tilt Mechanism Motor/Resolver -40 to 50 -60 to 70
Calibration Target Stepper Motor/Resolver -40 to 50 -60 to 70

Launch Lock for Tilt Mechanism -46 to 85

OCE2 Study Week: 4/23 -4/27/12 Use or disclosure of this data is subject to the Thermal, p3
restriction on the title page of this document Final Version




Instrument Design

Power Dissipation
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Component Power Dissipation

Silicon PIN Photodiode (138) 1 nano each

Silicon PIN Preamp, FET switches, FET driver (138)
InGaAs PIN Photodiode (6)
InGaAs PIN Preamp, FET switches, FET driver (6)

1 each
1 nano each

1 each

Fiber Optics (144)

Digitizer Electronics Box (3) 30 each

Main Electronics Box 136.7

Mechanism Control Electronics Box

OCE2 Study Week: 4/23 -4/27/12 Use or disclosure of this data is subject to the Thermal, p4
restriction on the title page of this document Final Version




Instrument Design

Power Dissipation
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Component Power Dissipation (W)

Scan Drum Motor

Half Angle Mirror Motor

Momentum Compensation Motor

OCE2 Study Week: 4/23 -4/27/12 Use or disclosure of this data is subject to the Thermal, p5
restriction on the title page of this document Final Version




Orbit Parameters
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*Sun synchronous, near-polar, near-circular
orbit

- Crossing equator at 1100-1300 local time
- 700 km altitude

o 9 8 . 1 6 O 'i n C li n ati 0 n 03 Sun-Synchronous Condition (e=0)
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Instru nt Des

Detector and Pre-Amp Heat Rejection § &
System S

Integrated Design Capability / Instrument Design Laboratory

30X for Silicon

nd Actively
eaters)

t Conduction

m Detector
closures to

minum Thermal
Box

hermal Box for InGaAs

\ (Cold Biased and Actively
Controlled by Heaters)

OCE2 Study Week: 4/23 -4/27/12 Use or disclosure of this data is subject to the Thermal, p10
restriction on the title page of this document Final Version
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Silicon PIN Radiatc
InGaAs PIN Radiator
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Fiber Optics Thermal Control
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iber Optics
d with MLI

OCE2 Study Week: 4/23 - 4/27/12 Use or disclosure of this data is subject to the Thermal, p11
restriction on the title page of this document Final Version




Scan Drum and Fore Optics/Telescope W4
Thermal Control
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«Scan drum and fore optics/telescope thermally isolated
from optical bench

«AZ93 white paint on exterior and Z306 black paint on
interior

- £306 has a 0.96 solar absorptance and is a popular coating for
telescopes to minimize stray light

» Needs bakeout to meet outgas criteria

- Other black coatings may be considered
» MS94B silicate black paint absorbs moisture and release it in orbit

» Black anodize thermo-optical properties vary with its thickness and
surface finish

OCE2 Study Week: 4/23 - 4/27/12 Use or disclosure of this data is subject to the Thermal, p12
restriction on the title page of this document Final Version
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Operating Mode Heater Circuits with
Electronics Heater Controller
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# of # of
Thermistors | Thermistors in

# of Primary # of in Primary Redundant
Heater Redundant Heater Heater

Circuits Heater Circuits Circuits Circuits

Silicon PIN & Preamp
Thermal Box
InGaAs PIN & Preamp
Thermal Box*

*Assuming InGaAs adjacent to each other

OCE2 Study Week: 4/23 -4/27/12 Use or disclosure of this data is subject to the Thermal, p13
restriction on the title page of this document Final Version




Instrument Design

Operating Mode Heater Circuits with
Mechanical Thermostats
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# of # of
# of Thermostats Thermostats

# of Primary Redundant in Primary in Redundant
Heater Heater Heater Heater

Circuits Circuits Circuits Circuits

Fiber Optics Enclosure

OCE2 Study Week: 4/23 - 4/27/12 Use or disclosure of this data is subject to the Thermal, p14
restriction on the title page of this document Final Version




Instrument Design

Survival Heaters

Integrated Design Capabiljility / Instr men#t()‘l)eSin #O?I%ﬁ%glfyor # of Redundant

# of Primary Redundant Heater Heater
Heater Heater Circuit Circuit

Circuits Circuits Thermostats Thermostats

MEB
T bgwwes | e | 6 [ | 1
T SiconPandreams |6 | 6 | 12 | 12
T camsPNandtreams | 1 | 1 | 2 | 2
T ophowms | 4 | 4 | s | &
T ScnbumMetor/Encoter |+ | 1 | 2 | 2
" Womentum Compensation Motorfencoder |+ | 1| 2 | 2
" Momentum Compensationwheet |+ | 1| 2 | 2
T atagemmorasemy |t | 1 | 2 | 2
it Angle Miror Wotor /Encoder |+ | 1| 2 | 2
it MechanismMotor VResaver | 1 | 1 | 2 | 2

“”'\‘v T OCE2 Study Week: 4/23 - 4/27/12 Use or disclosure of this data is subject to the Thermal, p15
restriction on the title page of this document Final Version

N I NININIDNININIDND
N I NININIDNININIDN




Radiator and Heater Power Sizing
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-Radiators are sized in worst hot operating case

-Operating mode heater power is sized in worst
cold operating case

«GSFC Gold Rules call for a maximum of 70%

heater duty cycle for an active heater control
thermal design

- In sizing heater electrical resistance (R), orbital average heater

power shall be no more than 70% of peak heater power (V**2/
R)

» Valid for both bang-bang and PID controllers

) OCE2 Study Week: 4/23 - 4/27/12 Use or disclosure of this data is subject to the Thermal, p16
| restriction

on the title page of this document Final Version
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Thermal Model
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S/C Bus
Solar Array .

|

b T

Radiators

OCE2 Study Week: 4/23 - 4/27/12 Use or disclosure of this data is subject to the Thermal, p17
restriction on the title page of this document Final Version
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Thermal Model
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1100 Equatorial Crossing, -17  Beta

SDacecrair enlarges cIWWMH aln

OCE2 Study Week: 4/23 - 4/27/12 Use or disclosure of this data is subject to the Thermal, p18
restriction on the title page of this document Final Version



Radiator Size Predictions

Instrument Design
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Silicon PIN & Preamp Radiator

MEB, MCEB & Digitizer Radiator

OCE2 Study Week: 4/23 -4/27/12 Use or disclosure of this data is subject to the Thermal, p19
restriction on the title page of this document Final Version
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Radiator Area

Integrated Design Capability / Instrument Design Laboratory

Coating Area (m?)

Silicon PIN and Preamp | AZW-LA-Il White Paint 0.613

InGaAs PIN and Preamp | AZW-LA-Il White Paint “
MEB, MCEB and Digitizers | AZW-LA-Il White Paint 0.804

OCE2 Study Week: 4/23 -4/27/12 Use or disclosure of this data is subject to the Thermal, p20
restriction on the title page of this document Final Version
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Rotating Radiator
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Circular Radiator

Mounted to Shaft
and Rotates with

Telescope

1.477 m?
Divided into 3 parts:
0.059 m4, 0.613 m?
and 0.804 m?

OCE2 Study Week: 4/23 - 4/27/12 Use or disclosure of this data is subject to the Thermal, p21
restriction on the title page of this document Final Version
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Radiator Area Reduction Option
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A radiator with grids is an option for reducing
radiator footprint

- Flown on Swift BAT

Swift BAT
Radiator Prior to Paint

Application

OCE2 Study Week: 4/23 -4/27/12 Use or disclosure of this data is subject to the Thermal, p22

restriction on the title page of this document Final Version
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Radiator Area Reduction Option
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Pocketed radiator increases
effective radiator area by 32%

cm

OCE2 Study Week: 4/23 -4/27/12 Use or disclosure of this data is subject to the Thermal, p23

restriction on the title page of this document Final Version
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Pocketed Radiator
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Coating Footprint Area*

(m?)

Silicon PIN and Preamp | AZW-LA-Il White Paint 0.417

InGaAs PIN and Preamp | AZW-LA-Il White Paint 0.04
MEB, MCEB and Digitizers | AZW-LA-Il White Paint 0.547

Footprint area decreases by 32%, but mass increases

OCE2 Study Week: 4/23 - 4/27/12 Use or disclosure of this data is subject to the Thermal, p24
restriction on the title page of this document Final Version
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Worst Hot Case Thermal Predictions
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Worst Hot Case Thermal Predictions
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Heaters Disabled
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Worst Cold Case Thermal Predictions
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Worst Cold Case Thermal Predictions
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Heaters Enabled

25
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o
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-
©
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=—=Silicon PIN & Pre-amp  =—InGaAs PIN & Pre-amp
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Worst Cold Survival Thermal Predictions&s
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Worst Cold Survival Thermal Predlctlon 3\
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-37

-38

Temperature, "C

-39

Time, minutes
975 1025 1075

==Silicon PIN & Pre-amp  =¢InGaAs PIN & Pre-amp

OCE2 Study Week: 4/23 -4/27/12 Use or disclosure of this data is subject to the Thermal, p30
restriction on the title page of this document Final Version
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Operating Mode Heater Power
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Average Heater Peak Heater
Power (W) Power (W)

97

Silicon PIN & Preamp Thermal Box
InGaAs PIN & Preamp Thermal Box
Fiber Optics Enclosure

Optics Housing

OCE2 Study Week: 4/23 -4/27/12 Use or disclosure of this data is subject to the Thermal, p31
restriction on the title page of this document Final Version
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Survival Heater Power

Integrated Design Capability / Instrument Design Laboratory

Average Heater Peak Heater
Power (W) Power (W)

MEB

U1
1N
~N
~N

MCEB

Ul
N
N
N

Digitizers

o0
1

Silicon PIN & Preamp
InGaAs PIN & Preamp
Fiber Optics Enclosure

Optics

o
On

Mechanisms

349

OCE2 Study Week: 4/23 -4/27/12 Use or disclosure of this data is subject to the Thermal, p32
restriction on the title page of this document Final Version




Instrument Design

Thermal Subsystem Comonents Mass Ea (kg 0 ke

TRL

Ammonia CCHPs on Silicon PIN/Preamp Thermal Box (0.8 m; 1.27 cmdiameter) | o016 | 4 | o064 | 7
m——
—m—
Ammonia CCHPs on MEB, MCEB and Digtizers (3.5 m; 2.54 cm diameter _—
Silicon PIN/Preamp Radiator (0.613 m2; 2.54 mm thick aluminum) | 4224 | 1 | 4224 | 7
Silicon PIN/Preamp Radiator AZW-LA-Il white paint 0.613m2) | 031 | 1 | 031 | 9
InGaAs PIN/Preamp Radiator (0.059 m2; 2.54 mm thickaluminum) | 0406 | 1 | 0406 | 7
InGaAs PIN/Preamp Radiator AZW-LA-Il white paint (0.059 m2 -“

EB, MCEB and Digtizer Radiator (0.804 m2; 2.54 mm thick aluminum n_

EB, MCEB and Digtizer Radiator AZW-LA-Il white paint (0.804 m2 0405 | 1 | 0405 | 9
Ammonia CCHP Spreaders on Silicon PIN/Preamp Radiator (1 m; 1.27 cm diameter “n_
Ammonia CCHP Spreaders on MEB, MCEB and Digtizers Radiator (1 m; 1.27 cm diameter -—-
Thermal Box for Silicon PIN/Preapp | 2597 [ 1 | 2597 | 7
Thermal Box for InGaAs PIN/Prfeamp | o5 [ 1 | o054 | 7
AZ93 white paint on Drum Assembly/Telescope (1 m2 015 | 1 | o015 | 9
7306 black paint on optics enclosure interior 1.121m2) | o017 [ 1 | o017 | 9
2306 black paint on and Drum Assembly/Telescope Interior (1 m2 015 | 1 | o015 | 9

Ll -- Silicon PIN/Preamp Radiator backside (0.613 m2 -“
LI -- InGaAs PIN/Preamp Radiator backside (0.059 m2 0036 | 1 | 0036 | 9
LI -- MEB, MCEB and Digtizer Radiator backside (0.804 m2 - 0.483 | 1 | o0.483 | 9
LI - Fiber Optics Enclosure and Thermal Boxes (2.72 m2 n“
Ll - Optics Enclosure (1.1 m2 m-m-
Ll - Detectors internal to Optics Enclosure (0.24 m2 nn
mL - cradle 1.45m2) | o087 | 1 | o087 | 9
MLI - MEB and MCEB (0.486 m2) 1 0291 | 1 | 0291 | 9
LI - Digitizers (0.911 m2 0546 | 1 | 0546 [ 9
Velcro, buttons, adhesive, etc.form.t | 0503 | 1 | 0503 | 9
Op Heaters -- Kapton Film 5.1¢cmx6.4cm | 0002 | 34 | 0068 | 9

hermostats (Op Heaters) -- Honeywell 3100 Series “
Survival Heaters -- Kapton Film 5.1 ¢cmx6.4cm | 0002 | 58 | 0.116 | 9
Thermostats (Survival Heaters) -- Honeywell 3100 Series | 0006 | 116 | 069 | 9
tor /Platinum RTDs (Op heater control and telemetr mmmn

m Mor Heaters, Thermostats and Thermistors and Al Tape for Heaters 015 | 1 | o015 | 9
m“ri% i . o e L T 12703 [

\.J "v

restrlctlon on the title page of thlS document Final Ver51on



Instrument Design

Thermal System Mass Estimate (Pocketed
Radiator )

Thermal Subsystem Components Mass Ea (kg Qt ke

TRL
Ammonia CCHPs on Silicon PIN/Preamp Thermal Box (0.8 m; 1.27 cmdiameter) | o016 | 4 | o064 | 7
Ammonia CCHP Header for Silicon PIN/Preamp Thermal Box (1.5 m; 2.54 cmdiameter) | 906 | 2 | 12 | 7
Ammonia CCHP Header for InGaAs PIN/Preamp Thermal Box (1.5 m; 1.27 cmdiameter) | 03 | 2 | 06 | 7
Ammonia CCHPs on MEB, MCEB and Digtizers (3.5 m: 2.54 cm diameter

Silicon PIN/Preamp Radiator (0.417 m2 footprint; 2.54 mm thick aluminum n
Silicon PIN/Preamp Radiator AZW-LA-Il white paint (0.417 m2 footprint 0.624 n 0.624 n

InGaAs PIN/Preamp Radiator (0.04 m2 footprint; 2.54 mm thick aluminum 0.541 n 0.541
InGaAs PIN/Preamp Radiator AZW-LA-Il white paint (0.04 m2 footprint 006 | 1 | o006 | 9

EB, MCEB and Digtizer Radiator (0.547 m2 footprint; 2.54 mm thick aluminum 7.381 n 7.381

EB MCEB and Digtizer Radlator AZW-LA-Il white amt 0.547 m2 footrlnt mnmn
Ammonia CCHP Spreaders on Silicon PIN/Preamp Radiator (1 m; 1.27 cmdiameter) | 0.2 | 5 | 1 | 7
Ammonia CCHP Sreaders on MEB, MCEB and Digtizers Radiator (1 m; 1.27 cm diameter n—
Thermal Box for Silicon PIN/Preamp | 2597 | 1t | 2597 | 7
Thermal Box for InGaAs PIN/Preamp | o054 | 1 | o054 | 7
AZ93 white paint on Drum Assembly/Telescope (1 m2 m-mn
7306 black paint on optics enclosure interior (1.121m2) | o017 | 1 | 0417 | 9
7306 black paint on and Drum Assembly/Telescope Interior(1m2) | 0145 | 1t | 0145 | 9
MLI --_Silicon PIN/Preamp Radiator backside (0.613m2) | 0368 | 1 | 0368 | 9
MLI -- InGaAs PIN/Preamp Radiator backside (0.059m2) | 0036 | 1 | 0036 | 9

LI -- MEB, MCEB and Digtizer Radiator backside (0.804 m2 nn

MLI - Fiber Optics Enclosure and Thermal Boxes (2.72m2) | 1.632 [ 1 | 1632 | 9
MLI - Optics Enclosure(.1m2) | o066 [ 1 | 066 | 9
MLI - Detectors internal to Optics Enclosure (0.24m2) | 0144 [ 1 | 0.144 | 9
MLI - Cradle (1.45m2) 0000000000000 | o8 [ 1 | 0.8 | 9
MLI - MEB and MCEB (0.486 m2) | 0291 [ 1 | 0291 | 9

LI - Digitizers (0.911 m?2 0546 | 1 | 0546 [ 9
Velcro, buttons, adhesive, etc.formet 0000000000000 | 0503 [ 1 | 0503 | 9
Op Heaters -- Kapton Film 5.1cmx6.4cm | 0002 [ 34 | 0068 | 9
Thermostats (Op Heaters) -- Honeywell 3100Series | 0006 [ 40 | 024 | 9
Survival Heaters -- Kapton Film 5.1cmx6.4cm | 0002 [ 58 | 0116 | 9
Thermostats (Survival Heaters) -- Honeywell 3100Series | 0.006 [ 116 | 0.69 | 9

‘ : rs/Platmum RTDs (Op heater control and telemetr m“mn
ml ! -'_-_-I_E

I\ otalt OCEZ Stud Week 4/23 - 4/27/12 Use or disclosure of this data is subject to the _— 32. 84The

restriction on the title page of this document Final Ver51on




Conclusions

Integrated Design Capability / Instrument Design Laboratory

-Radiator area is very large because power
dissipation is very high

Pocketed radiator decreases footprint area but
increases mass significantly

-Could accommodate detector and electronics
radiators as segments of a circular disc radiator
which rotates with telescope

) OCE2 Study Week: 4/23 - 4/27/12 Use or disclosure of this data is subject to the Thermal, p35
| restriction

on the title page of this document Final Version




